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CALIBRATE MS SYSTEM WITH RESPECT TO AT LEAST PEAK SHAPE AND 
MASS DEPENDENCY ON PEAK SHAPE 



1110 



CALCULATE. FOR A GIVEN CALIBRATION STANDARD. RELATIVE 
ISOTOPE ABUNDANCES AND EXACT MASS LOCATIONS 



± 



1110A 



PRE-ALIGN ISOTOPE MASSES BASED ON CALCULATED AND 
MEASURED ISOTOPE PEAK CLUSTERS. SO AS TO CALIBRATE 
MASS AXIS OF MS SYSTEM 



DERIVE PEAK SHAPE FUNCTIONS CORRESPONDING TO 
CALCULATED AND MEASURED ISOTOPE PEAK CLUSTERS 



I 



INTERPOLATE DATA CORRESPONDING TO DERIVED PEAK SHAPE 
FUNCTIONS TO OBTAIN OTHER PEAK SHAPE FUNCTIONS WITHIN 

DESIRED RANGE 
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1110B 



1110C 



1110D 



CONVERT PEAK SHAPE FUNCTIONS AND OTHER PEAK SHAPE 
FUNCTIONS TO TARGET PEAK SHAPE FUNCTIONS CENTERED AT 

EXACT MASS LOCATIONS 



1110E 



CALCULATE CALIBRATION FILTERS FROM TARGET PEAK SHAPE 
FUNCTIONS AND CALCULATED PEAK SHAPE FUNCTIONS 



INTERPOLATE CALIBRATION FILTERS 



APPLY CALIBRATION FILTERS 



1110F 



1110G 



1110H 
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CALCULATE PRE-CALI8RATI0N MATRIX, INCLUDING CONVERTING 
NON-UNIFORMLY SPACED DATA TO UNIFORMLY SPACED DATA. 
SUCH CONVERSION INCLUDING PRE-ALIGNMENT OF MASS AXIS 

AND OPTIONALLY INCLUDING TRANSFORMATION FOR TOF. FTMS, 
OR MAGNETIC SECTOR INSTRUMENTS. 
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1210A 



CALCULATE CALIBRATION MATRIX, INCLUDING CREATING A BANDED 

DIAGONAL MATRIX WHERE THE NON-ZERO ELEMENTS IN EACH 
COLUMN ARE TAKEN FROM THE ELEMENTS OF THE CONVOLUTION 
FILTER IN REVERSE ORDER AFTER SHIFTING. 
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1210B 



CALCULATE POST-CALIBRATION MATRIX, INCLUDING 
NTERPOLATING FROM INTERNAL SPACING TO REPORTED OR 
DESIRED SPACING AND CONVERTING TRANSFORMED SPACE BACK 

INTO MASS SPACE. 
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1310 



Analyze peaks in mass spectrum after full calibration wherein peak shape 
functions are preferably identical across a full range of mass spectrum 



T 



131 OA 



Receive calibrated MS data having mass spacing preferably equal to an 
integer fraction of the nominal mass spacing 



Calculate one pair of matrix rows with one row storing a target peak shape function 
that has been normalized to unit peak area and the other row storing its 1^* 
derivative and both sampled at the integer fraction of the nominal mass spacing 



1310C 



Complete the full peak component matrix by indexing the matrix such that 
peak components in rest of rows are arranged as shifted version of each other 
corresponding to each nominal mass within the full mass spectral range 



1310D 



Perform Weighted Multiple Linear Regression (WMLR) using the inverse of the 
mass spectral variances as weights to calculate integrated peak areas and 
mass deviations at all nominal masses within the full mass spectral range 
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Calculate standard deviations for all peak areas and mass deviations 
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Update nominal masses into actual masses by adding in the calculated 
mass deviations from corresponding nominal masses 



1310H 



Construct full peak 
component matrix 
using actual masses 




1310G 



Calculate t-statistics for all peak areas 



T 



13101 



Mass spectral peak list: 
peak areas and exact masses for 
statistically significant mass peaks. 



1310J 



I 



End 
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1410 



Analyze peaks in mass spectrum after detennining peak shape functions 
covering full mass spectral range 



T 



Perform peak shape interpolations to obtain one 
peak shape function at each nominal mass 
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1410B 



Calculate the 1^' derivatives of peak shape functions at all nominal masses 



Combine peak shape functions and corresponding 1^^ 
derivatives into full peak component matrix 



1410C 



y_ 1410D 

Perfomi Weighted Multiple Linear Regression (WMLR) using the inverse of the 
mass spectral variances as weights to calculate integrated peak areas and 
mass deviations at all nominal masses within the full mass spectral range 
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Calculate standard deviations for all peak areas and mass deviations 



Update nominal masses into actual masses by adding in the calculated 
mass deviations from corresponding nominal masses 



1410H 



Reconstmct full peak 
component matrix 
using actual masses 




Stop iteration?> 141 OG 



Calculate t-statistics for all peak areas 



14101 



Mass spectral peak list: 
peak areas and exact masses for 1410J 
statistically significant mass peaks. 
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End 
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Select compound(s) as MS standard(s) 



J. 



Acquire MS profile data on standard(s) 



1 



Identify each ion fragment cluster 



1510 



1510A 



151 OB 



1510N 



1510C 




1510O 



Calculate relative isotope 
abundances at exact masses 



Pre-calibration 



1510P,^^eak Shape Function(s) 



Interpolate peak 
shape functions 



Convolution 
with narrow 
function & 
deconvolution 



- 1510Q 



151 OR 




Yes ^ PeaR^I 51 OE 
shape 
linctionsS 



1510F 



Target peak shape function(s) 



Deconvolution 
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1510G 



Convolution 



Deconvolution 



Calibration filters 



I nterpolate calibration filters - 



1510H 



15101 



Full calibration filter set 
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1510J 



Post-calibration 



1510K 



Combine pre-calibration. calibration filter set, and post-calibration 1510L 



Total calibration filter set & variance filter set F 
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End 
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1610 



Acquire MS profile data on test samples 




Interpolate raw 
profile data 


1610A 

1610B 


Sparse matrix multiplication with total calibration filter set 
and/or variance filter set 




Interpolate 
calibrated data 


1610C 



Mass spectral data 
calibrated for both mass 
and peak shape 





Mass spectral variances 
reported at each mass 
sampling point 



Yes 



1610F 



Quantitative analysis via 
multivariate calibration or 
qualitative analysis via pattern 
recognition/cluster analysis 



1610H 



Mass spectral peak quantification 
& accurate mass determination 
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End 
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